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Hideaki Motoyama , Teruo Furukawa and Fumihiko Nishio
;
: Surface ice sheet ﬂow velocity has been observed using the di erential
GPS (Global Positioning System) method since . The basic GPS stations along
traverse routes from S to Dome Fuji were set up at sites and the GPS observations
were performed during inland traverse expeditions. After that, the observational area
was expanded along contour lines and the main stream line in the Shirase drainage
basin to the south of Dome Fuji Station. The ﬂow velocities at GPS stations are re-
ported. The thinning of the ice sheet surface reported from the past was observed in
Mizuho Glacier basin. The thinning rates were . . m/year.
: GPS Global Positioning System:
GPS
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Fig. . Location map of the traverse routes and GPS observational stations (red circles).
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Fig. . Ice sheet ﬂow from the beginning of observations.
-
, , , ,
+
+*** +
0,*
. +/
, , , 0,*
, , /**
2* , +
0,* +33,
,
2* +
-0. +0
,
,
	
 
  
  


  
  
   
    
     
    
    

 
  

   
  
 
 
 
 
  
      
 
   

 

 


 

 
    !"#$% &'()* 
+, - . /0 1$23)3 &45
678 9:9;1!<=$%&>?5@&>!AB0$! C,
D0$)3&>> E@ F GHIJHKLMN%  OPQ
) !D0$%RS TU   !PQV)3RS TU>PW
)3 F  X1YZ TU PQ) !D0$%  
[\I]^$2_RSYZN%] >N PQV N%RS F GH
IJHK`N%RS a3%YZ TU >N2 b>c% dU efgU
ehTUf  hTU > Wi jUW.k
% N/  !  /0 b >PQ3!
 a32 lbk23 @)mnhTU PW)3!
  !PQVo) &  O TUpqrPQ
) !D0$&>st732 3b>&u45v . wxy >
N2  TUz{@&>@
 |S}< @&>	
 ~k23 &
  < 5  $23 	
 %
c |S}! @ @)mn 	
 !.>@>
	
F N23 @> i !&>) D/
 c 	
 >	
, e!P.>N% 	

F   $23 /0 b3
>} 3 1r SYZ c% &$
 , eN% TU k2  
 TU "#$ F  !PS  N
+,  Q &$A N%  < F 
@ :1a32S  .k% :1S
>P N  >  !eQ  n
¡0$% &45732¢x£z{@
F >F  $¤$¥¦§¨, ©ª>«¬ ­® >
©ª@ &$0 x> x¯N $¤$YZTU>N2b
>c% ¥¦,  :1°N28 9:/0 C $2±+9²³
´WP C>PQV µ)s¶!·N3!  e¸i!*V) e
>6¹N ,,º/0º,º. «¬ ­ 1º :1C»¸
i! ¼.+ TUS .k% 8 9:>9²³P
´W jU.+ $+]½qPQ3 TU.k% 	
 >])


 


 

  

  
  
 	

 
  
  
 
  
  
 

  
    

 
 
  
   

 
 





GPS 223
m MD
MD DF
MD
d Position
A
B
A B cm
A MD S m B
H cm d Position
B
GPS
Naruse
Kamiyama . S DF
km GPS km a
GPS d Lat
d Lat tan a S cm
MD d
Height cm H cm
MD MD cm
YM CF
km
m
YM
m m
cm
et al
+330 + 1 +*
-0. /** 2*
/**
, +330 +
- +330 +
,
+*
-0. +0 +
+/ -/
+330 +
+312
+33. +0 2*
, ,*
- +0 +/
/** -
- +* -* +/ 1/
+,* ,.* +/ -*
. /
. ,
- +***
+
,
,,** ,. --
-*

-
S
+0


D
F
2*





	



























 
!
"
#
$


	







%

-
&
'
(
)

*


+


!
"





,
-
.
/
0
1
2
3

4
$
+3
30
5
+
6

7
8
9
:



;
<
4
 






!
"
#
$
;


=A
>

#
,
-
.
?
0
1
#
$



@

$
!
"





=B
> 
#
 
, 

A
$
 B

,
C
7
d
=L
a
t>
D
ta
n
=a
>:


E
F
G

H
I

J

0
1



d
=H
ei
g
h
t>
:



K
L



#
$

M


H
I

J

N
O
P
Q



T
a
b
le
-.
S
u
rf
a
ce
ic
e
sh
ee
t
ve
lo
ci
ty
a
lo
n
g
D
om
e
F
u
ji
tr
a
ve
rs
e
ro
u
te
(,
).
T
h
e
su
rf
a
ce
ﬂ
ow
ra
te
a
n
d
th
e
th
re
e-
d
im
en
si
on
a
l
co
m
p
on
en
ts
a
ve
ra
g
ed
ov
er
a
ll
ob
se
rv
a
ti
on
p
er
io
d
s
a
re
sh
ow
n
.
T
h
e
a
ve
ra
g
e
ﬂ
ow
ra
te
s
a
t
ea
ch
ob
se
rv
a
ti
on
a
l
st
a
ti
on
a
re
su
m
m
a
ri
ze
d
:
(A
):
th
e
a
ve
ra
g
e
ﬂ
ow
ra
te
fo
r
th
e
p
er
io
d
in
cl
u
d
in
g
J
a
n
u
a
ry
+3
30
w
h
en
la
rg
e
si
n
k
in
g
w
a
s
se
en
,
(B
):
th
e
a
ve
ra
g
e
ﬂ
ow
ra
te
ex
ce
p
t
fo
r
th
e
p
er
io
d
of
la
rg
e
si
n
k
in
g
.
T
h
e
ri
g
h
t
,
li
n
es
:
d
(L
a
t)
D
ta
n
(a
):
si
n
k
in
g
ra
te
of
a
st
a
#
b
y
th
e
ic
e
sh
ee
t
su
rf
a
ce
sl
op
e,
d
(H
ei
g
h
t)
:
ve
rt
ic
a
l
ch
a
n
g
e
ra
te
of
th
e
st
a
#
co
rr
ec
te
d
fo
r
th
e
in
ﬂ
u
en
ce
of
th
e
sl
op
e.
 	 
 224

.







	


















,

-




T
a
b
le
..
S
u
rf
a
ce
ic
e
sh
ee
t
ve
lo
ci
ty
so
u
th
of
D
om
e
F
u
ji
.

/







	

















Y
M









C
F










 
!
"
#
$
%
&
'
(

,)

-

*
+
$ Ta
b
le
/.
S
u
rf
a
ce
ic
e
sh
ee
t
ve
lo
ci
ty
a
lo
n
g
Y
M
a
n
d
C
F
ro
u
te
s.
	
GPS 225
 
   
	 
 
 !"#$%&'( ) 
*+,-./0.12"#$%&'( 3 456789:! ;<
 =  
    
 
 
  

 
 

  
  

 !"#$%&! >?@ A56 B
C(DE BF,-./0.1%&! > GHI J K
 J> LMNOPF0 ;QRSTRUVW $#X> &RYZR'
[I\W ]!"#$[ LMNOPFGW[ ^2_6[ _
6`0aWb 2cd[I\W4efPF0g 2!haij>k/W
l @mG  !"#$%&'(4 BF
,-./0.12"#$%&'(,?@ [nopqJD4r2@4 
2"#$.1%&!> 56789:!J-sF>tJD uP vJ>
5wxyz$#XV{0 |4789:}~uP 
56789:!,g0
#4 $#X $#XWG> ,
/GuPBFF 5 5 5^/04\JD BFF;<\
J56789:!,?@ I\a%&!>I\a56789:!J-sFGW

 

226
GPS
d Lat tan a
cm d Height YM cm
YM cm CF
CF cm
GPS
S DF
km GPS
Kamiyama ., ; Motoyama ., b, , ;
Shiraiwa ., ; Azuma ., ; Fujita ., ; Furukawa ., ; Saito .,
; Kameda ., YM CF
H
Fig. . Lowering rate of ice sheet surface and snow accumulation.
et al et al
et al et al et al et al et al
et al
+* /* 2*
+** -*
+,* ,. +
-
+0 2*
+33, ,
+33. +33/ +333 ,**,
+330 +331 +332 ,**,
,**1 ,**1
. , ,
+/
-
-
 
    
      
 
  
 
 
 
	

  !"#$%&'()
'*"+,-./012 "34 56")7
89  :9 "34%;<
=>?@A+()   !"
#$%&'()'*"+,-./012 "34 BC DE
".-FGH IC .-FGH JC 
%KL) .-FGH 9MNO"PQ	3R :9MST
U0"O"PQ	3R 	34VWXMYZ[\()


GPS 227
GPS x
y y x
y x .
GPS x
y Mizuho
Dome Fuji YM YM MD
CF
m
Fig. . Relationship between snow accumulation rate and lowering rate of ice sheet surface.
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Fig. . Ice sheet elevation, bedrock elevation and snow accumulation rate around MD .
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